A transcriptionally active DNA-protein complex isolated from spinach Spinacia okracea plastids is visualized by electron microscopy in different conditions. This structure, after glutaraldehyde fixation, is highly condensed. DNA is supertwisted with proteins bound to it producing a beaded substructure. When glutaraldehyde fixation is omitted this structure is less condensed and DNA fibrils come out from a proteinous central body. A hydrolysis test with microccocal nuclease gives no indication of the presence of 'nucleosome-like' structures. Thirty-six polypeptides with molecular weights ranging from 12,000 to 180,000 are present in the complex, and seven of them are highly soluble in 0.4 N H2SO4; their molecular weights range from 14,000 to 46,000 as shown by two-dimensional gel electrophoresis.
The spinach plastid DNA (ctDNA') is known to be a circular molecule of 95 x 106 daltons whose restriction map is established and on which several genes coding for rRNA, tRNA, ribulose-1,5-bisphosphate carboxylase and a thylakoid polypeptide of 32,000 daltons (photogene) are located (7, 12, 20) .
The structure of a deproteinized spinach plastid chromosome has been visualized by Yoshida et al. (22) (2, 3, 18) .
This paper reports the visualization, using the method of Dubochet et al. (8) , of the transcriptionally active DNA-protein complex from spinach plastids and the characterization of the different molecular components of such structures. The results show that the plastid chromosome is highly condensed and that a beaded substructure is observed.
MATERIALS AND METHODS
Purification of the Transcriptionaily Active ctDNA Protein Complex. Chloroplasts were isolated from 1 to 2 kg of spinach leaves from a local market using a method described previously (3) . The ctDNA-protein complex was purified according to Briat et al. (2 Prior to digestion of the complex by micrococcal nuclease (Worthington), the pellets of ctDNA-protein complex were solubilized in a medium allowing transcription activity (2) . Two ug of the complex per assay, determined by A at 260 nm, were incubated for 2 min at 37°C with 2 mm CaCl2. Then, the micrococcal enzyme was added at five different concentrations ranging from 0.05 to 2 units of enzyme per unit of A at 260 nm of complex. Several concentrations of the enzyme were used for screening the conditions necessary to obtain typical patterns as it is usual for chromatin studies (15) . After 10, 30, and 60 s of incubation, the digestion was stopped with 50 mm EDTA. The DNA from these different samples was extracted by incubation one night at 37°C in 0.2% SDS, 100 jig/ml proteinase K, and 10% glycerol. Then, (Fig. 2, A and B (Fig. 3B) . The complexes isolated with a buoyant density of 1.610 g/cm3 contain only strongly associated proteins (Fig. 3C) (Fig. 4A) (21, 23) .
We look for the presence of a repeated substructure in the ctDNA-protein complex by using the same method as for chromatin (16) with DNA fibrils organized around a central body (CB); arrows indicate proteins bound to the DNA filaments; amount of DNA per central body is variable because of fragmentation (x 50,000). C, Linear double-stranded DNA after digestion of the complex by 50 jg/ml of proteinase K for 30 min at 370C (x 100,000). D, Proteinous central body visualized after digestion of the complex by 50 ug/ml of DNase I for 30 min at 37°C (x 100,000). protein) has been analyzed by a method whose limit of detection is <0.1 ,Ig of linolenic acid.
DISCUSSION
We have described previously a transcriptionally active DNA- protein complex from pure and intact spinach chloroplasts. Transcriptional properties of this complex have been studied (1-3, and we now report the visualization of this structure spread on grids charged previously with amylamine vapors according to Dubochet et al. (8) .
When the DNA-protein complex is not fixed with glutaraldehyde (Fig. 2, A and B) , the structure observed resembles the one reported by Yoshida et al. (22) (Fig. IA and 2) ; (b) many proteins are present on the DNA and these give a rough aspect to the structure. This structure can appear in a very highly condensed form (Fig. IA) with a beaded substructure upon supertwisted DNA. This condensed structure is very similar to the Escherichia coli chromosome as visualized by Griffith (9) . When the DNA is decondensed, proteins are dispersed along the extended fibrils (Fig. 1C) . The role of these proteins is unknown; perhaps they participate in the supercoiling of the ctDNA. The supercoiled DNA covered with which sediment, at equilibrium in CsCI, at a buoyant density of 1.570 g/cm' (x 60,000). C, Visualization of the molecules which sediment, at equilibrium in CsCI, at a buoyant density of 1.6 10 g/cm ' (x 60,000).
proteins (Fig. IA) could be an intact plastidial chromosome, but we do not have definitive evidence to prove this point.
Chromatin contamination can be excluded in our preparations for the following reasons. Each sample visualized possessed a transcriptional activity insensitive to 100 ug/ml of a-amanitin which is a specific inhibitor of eucaryotic RNA-polymerases II and III; micrococcal nuclease experiments (Fig. 4) proteins belong to the 'central body' and probably correspond to central bodies observed previously after a drastic deproteinization of ctDNA (22) . The central body can be involved in the membrane attachment of the nucleoid but cannot represent a chloroplast membrane fragment since no a-linolenic acid has been detected in our preparations. Second, there is a class of proteins which is bound to the DNA with weaker interactions and detached from the DNA after dilution of the formaldehyde (Fig. 3B) or during the preparation (Fig. 3C) . These proteins are involved in enzymic functions such as transcription since RNA-polymerase is present in this complex (2, 3) . They could also play a role in replication and condensation of the DNA.
The condensation of the plastome could be related with the presence of basic proteins in the complex (Fig. SB) . We have not found ribosomes, rRNA, or RNAs in our preparations using electrophoresis under denaturing (methyl mercury) or nondenaturing conditions (not shown). The presence of prokaryotic histone-like proteins is now well documented for E. coli since Rouviere-Yaniv and Gros (17) 10-. appear to be organized in a condensed form in chromatin in prokaryotic chromosomes, and, as we show, in plastome of higher plants. Basic proteins could play an essential function in the condensed form of plastid DNA as they do in E. coli (13, 17) and in nuclear chromatin.
